INTRODUCTION
The expected climate changes predict a significant increase in air temperature, but only a slight raise in annual precipitation (Schmidt et al., 2006) . Moreover, the increase of precipitation is expected mainly during the winter. The simulations carried out for central Poland indicate a lack or non-significant for the plant production increase of rainfall in the period from April to August Iwański, 2011, 2013) . Consequently, the amount of water available to the plants will decrease. The region of Bydgoszcz, located in the northern part of central Poland, is particularly vulnerable to the lack of precipitation during growing period Iwański, 2011, 2013; Kuchar et al., 2015 Kuchar et al., , 2017 Żarski et al., 2013) . The analysis of expected climate changes in Poland indicated the problem of precipitation deficit that in the case of poor retention potential of the majority Polish soils can negatively influenced the growth and development of plants (Łabędzki, 2009; Orlińska-Woźniak et al., 2013) . Therefore, during the next 30-50, probably will be necessary to irrigate the plants and its level will have to be adapted to the type of soil and to the region of country.
The expected climate changes are especially adverse for nursery production, whose effects are depends mainly on the optimal water-soil conditions (Pierzgalski et al., 2002; Rzekanowski and Pierzgalski, 2006; Rolbiecki et al., 2010; Grybauskiene et al., 2018) . In Poland, the "State Forests" organization produce plants in about 1400 forest nurseries with total area of nearly 3500 hectares (Rzekanowski and Pierzgalski, 2006) . The water deficiencies in Poland are mainly due to low and/or irregular rainfall during the growing period (Żarski et al., 2013) . The water deficit and the expected climate changes can significantly reduce the yield and quality of nursery production, especially in the case of large nurseries located on the sandy soils (Pierzgalski et al., 2002) .
The appropriate moisture content of soil is essential for the germination of seeds and seedling development. For that reason irrigation of forest nurseries is one of the most important melioration treatments, so that nearly 90% of the nurseries are equipped with the watering facilities equipment (Rzekanowski and Pierzgalski, 2006) . Ensuring optimum water conditions for soil in nursery production is one of the most important objectives of water management in forest (Pierzgalski, 2009 ). Therefore, the forest breeding program recommended the creation of nurseries with an area of over 3 hectares and with the ability to install the irrigation system (Pierzgalski et al., 2002) .
The aim of the study was to estimate the water needs of forest nurseries during the years 2021-2050 in the region of Bydgoszcz (central Poland) on the sandy and clay soils. The water requirements were calculated on the basis of predicted changes in air temperature.
MATERIAL AND METHODS
In the study, the forecasts of average monthly air temperature in the region of Bydgoszcz for the years 2011-2050, according to the expected climate change in Poland SRES: A1B (Bąk i Łabędzki 2014), was applied. The water needs of the forest nurseries were determined basing on daily water consumption for the plant transpiration and field evaporation of the controlled layer of soil (Pierzgalski et al., 2002) . The studied nurseries were located on two types of soil, sandy and clay soil, which differed in terms of water potential. The water requirements were estimated for the period from April to September for each year from 2021 to 2050. The reference period was 30 years from 1981 to 2010.
The results of the study were statistically analyzed using computer package (Excel spreadsheet). The mean, median, maximum and minimum values, as well the standard deviation and variability coefficient, were estimated. Also, the calculation of possible trends in the water needs changes of forest nurseries using linear regression analysis with evaluation of correlation and determination coefficients was performed. The significance of correlation coefficient, for n = 30, was determined at the level of α = 0.1. The value of the correlation coefficient was significant for rα ≥ 0.264.
RESULTS AND DISCUSSION
The total water needs of the studied forest nurseries during the growing period (from April to September) were more varied in the years 2021-2050 (the variability coefficient ranged from 7.2 to 7.4%) than in the reference period 1981-2010 (the variability coefficient was 4.7%) ( Table 1 ). In the years 2021-2050, the predicted variability of water requirements in April, May, June and August was higher than during the reference period. The variation of water needs in July and September was similar in both compared thirty-year periods. In the case of both analyzed thirty-year periods, in July, the highest monthly water requirements were noted (Figures 1 and 2 ). In the years 1981-2010, the water needs were 96 and 120 mm on the clay and sandy soil, respectively, while in the forecasted period 2021-2050 the water requirements increased to 110 and 137 mm on the clay and sandy soil, respectively.
The water needs of forest nurseries in the particular months of the growing period are considerably higher in the predicted period 2021-2050 than during the reference years ( Figures 3 and 4) . In both compared thirty-year periods, the water requirements of forest nurseries located on the sandy soil are higher than in the case of clay soil (Figures 3 and 4) .
Comparing to the reference period (1981-2010), the water needs of forest nurseries between April and September during the years 2021-2050 increased from 427 to 489 mm on clay soil and from 498 to 560 mm on sandy soil ( Figure 5 ).
The increase of the total water requirements of forest nurseries during the growing months (April-September) in the years 2021-2050 is the result of monthly upward trends of water needs. However, significant upward trends in the water requirements of forest nurseries were calculated only in April and August ( Table 2 ). The raise of water needs in April and August is caused by the expected air temperature increase in these months (Bąk and Łabędzki, 2014) . The authors suggested, that the average monthly air temperature in April and August in the years 2011-2050, according to the expected climate change in Poland (SRES: A1B), will significantly increase by 0.7°C decade -1 . According to the linear regression analysis (calculated for the significant correlation coefficients), in April, the water needs of forest nurseries located on clay and sandy soil will increase by 3.3 and 3.8 mm decade -1 , respectively, (Figures 6 and 7) , while in August, the water requirements will raise 5.4 and 6.0 mm decade -1 , respectively (Figures 8 and 9 ). The forecasted climate change, influenced the increase in the water needs of plants, including the seedlings produced in the forest nurseries, cause the adaptive actions, such as irrigation treatments. Nowadays, the watering is considered as one of the most important melioration treatments in the forest nurseries (Rzekanowski and Pierzgalski, 2006) . However, along with the progressive unfavorable climate changes, the importance of the irrigation will increase VIII-S
